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Cells require iron as a cofactor for proteins that are essential for growth. While delivery of iron to cells by
transferrin is well known, Li et al. in this issue of Developmental Cell show that ferritin, through its binding
to the cell surface Scara5 receptor, can also deliver iron to cells, permitting kidney organogenesis.Iron is an essential element for all eukary-
otes. Iron’s facile ability to gain and loose
electrons has made it a cofactor for
enzymes involved in a wide variety of
oxidation-reduction reactions. It is also
a substrate for heme synthesis that, as
part of hemoglobin, is essential for oxy-
gen transport. Most mammalian cells
obtain iron through the iron-containing
serum protein transferrin (Tf), as holoTf
binds to cell surface receptors, is endocy-
tosed and delivers iron (for review, Ponka
et al., 1998). In this issue of Develop-
mental Cell, Li et al. (2009) have identified
a Tf-independent route for cellular iron
uptake that is required for the devel-
opment of specific cell types in the
kidney.
Studies have shown that
cells must have another
mechanism for cellular iron
acquisition other than through
Tf and Tf receptors. In the
absence of normal concen-
trations of Tf, as shown by
hypotransferrinemic mice and
humans, most organ systems
develop normally (Bernstein,
1987). A targeted gene dele-
tion of TfR1 is embryonic
lethal, yet some organ devel-
opment still occurs (Levy
et al., 1999). There is a wealth
of evidence, some going
back over 50 years, that
suggests the existence of
Tf-independent iron transport
systems (Wheby and Um-
pierre, 1964), and candidates
for such systems have been
proposed. The results of Li
et al. (2009) are persuasive in
notonly identifyingacandidate
iron transport system, Scara5
mediated uptake of ferritin, but also
showing its role in kidney development.
To identify the transport system respon-
sible for non-Tf-bound iron delivery during
organogenesis, Li et al. (2009) generated
murine chimeric embryos composed of
cells lacking TfR1 and labeled with the
green fluorescent protein (GFP-TfR1/
cells) and unlabeled wild-type cells ex-
pressing TfR1. The authors determined
that the ureteric buds were poorly popu-
lated by GFP-TfR1/ cells. In contrast,
other kidney cell types from the capsule,
mesenchyme, and stroma were preferen-
tially populated by GFP-TfR1/ cells,
indicating the existence of a non-Tf iron
delivery system. Li et al. (2009) took
advantage of a previous study that
showed that ferritin, an iron-containing
molecule, was endocytosed by kidney
cells (Kobayashi, 1978). Addition of ferritin
to organ cultures of kidneys obtained from
mouse chimeric embryos led to its inter-
nalization by GFP-TfR1/ cells but not
by TfR1+/+ cells. The authors used flow
cytometry to separate GFP-TfR1/ from
GFP (negative) TfR1+/+ cells and then
through microarray analysis identified
SCARA5 as a gene highly expressed in
GFP-TfR1/ cells. Scara5 is a member
of the scavenger receptor family of
cell surface proteins capable of recog-
nizing a wide variety of ligands. cDNA
transfection experiments demonstrated
that Scara5 expressed in TfR1-negative
cells permitted efficient ferritin-mediated
iron delivery. These results
demonstrate that cells can
accumulate iron by two inde-
pendent uptake systems
(Figure 1).
Ferritin is responsible for
intracellular iron storage. It
consists of 24 H subunits or
L subunits (for review Theil,
2004). The amount of each
subunit can vary depending
upon cell type. Ferritin acts
as a nanocage and can accu-
mulate up to 4500 iron atoms.
Sequestration of iron in ferritin
stores iron in a non-toxic form,
but depending on cellular iron
requirement, ferritin iron can
be recovered for cellular bio-
synthetic purposes. Ferritin
can also be found outside of
cells and under certain condi-
tions is present in very high
concentrations in serum. The
mechanism of ferritin secre-
tion as well as the function(s)
Figure 1. Two Independent Pathways for Iron Uptake in the
Developing Kidney
The developing kidney shows two iron delivery mechanisms. The capsular
cells take up iron through Scara5-mediated endocytosis of L-ferritin enriched
ferritin nanocages, which can carry up to seven atoms of iron. The cells of the
tips of the ureteric bud take up iron through the binding of holoTf to TfR1. In
both cases, Scara5-ferritin or holoTf -TfR1 endocytosis leads to the efficient
release of iron in the cytoplasm, permitting cell growth.Developmental Cell 16, January 20, 2009 ª2009 Elsevier Inc. 3
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Previewsof extracellular ferritin is unclear. Release
of ferritin is not the result of cell death
and may result from an active secretory
process but the evidence for secretion is
not yet compelling. One reason the role of
extracellular ferritin is enigmatic is that
while intracellular ferritin is iron rich, serum
ferritin is relatively iron poor. High levels of
serum ferritin are found during inflam-
mation or in patients with iron-overload
disease. Over the years, ferritin receptors
have been reported on a wide variety of
cell types. Some of the ferritin receptor
candidates have not held up in the era in
which molecular biology has raised the
standard of identification to necessary
and sufficient. One exception is Tim-2,
a cell surface protein on murine lympho-
cytes that shows a preference for H-ferritin
(Chen et al., 2005). The role of Tim-2 as a
putative ferritin receptor fits with studies
that show that ferritin secretion results
from inflammation and that ferritin may
affect immune function (Morikawa et al.,
1995; Recalcati et al., 2008).
The identification of Scara5 as a ferritin
receptor also meets the criteria of neces-
sary and sufficient. Of interest is that
Scara5 seems to prefer L-chain enriched
ferritin rather than the H-chain ferritinsChaos Begets Ord
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Apical cell contraction triggers tissu
ventral furrow formation was thoug
myosin belt underlying adherens jun
is triggered by asynchronous pulsed
Epithelial folding and invagination are
observed in numerous developmental
processes including neural tube formation
and mesoderm invagination (Ettensohn,
1985). Apical cell contraction is commonly
thought to trigger these processes by
4 Developmental Cell 16, January 20, 2009 ªpreferred by Tim-2. Both H and L chain
ferritin monomers contribute to the ferri-
tin nanocage. H-ferritin monomers are
required as they contain the ferroxidase
activity essential for iron incorporation
into the ferritin nanocage. The inclusion
of L-chains into the ferritin nanocage
permits a higher iron content and is
thought to be involved in mineralization
(Theil, 2004). The amount of H chain
and L chain within ferritin can vary
dramatically. Ferritin nanocages in tissues
that play an important role in iron storage
are enriched in L chains. Different cell
types synthesize ferritin with different
subunit compositions and it might be
that the cell surface receptor for ferritin
reflects the function of ferritin as a marker
for inflammation or as an iron source for
organ development. For those who work
in the iron field, the results of Li et al.
(2009) are satisfying. Iron is such an
important element that one expected to
find multiple transport systems. Even the
simplest eukaryote, S. cerevisiae, has at
least four. The results of Li et al. (2009)
lead to interesting questions. For in-
stance, what is the basis of the cell type
specificity for Tf- dependent and Tf-
independent iron transport systems, ander: Asynchronous
Epithelial Morpho
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e folding and invagination in epithe
ht to be driven by smooth, purse-s
ctions. Now Martin et al. report in N
contractions of the apical acto-myo
changing the morphology of epithelial
cells from cuboidal to bottle-shaped,
which causes the tissue to bend and
fold. In Drosophila, ventral furrow forma-
tion has been for many years a model
system for the study of the molecular and
2009 Elsevier Inc.are there high levels of serum ferritin in
developing embryos? And finally, what is
the mechanism of ferritin secretion?
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genesis
lia. During Drosophila gastrulation,
tring-like constriction of an acto-
ature that ventral furrow formation
sin cortex in individual cells.
cellular mechanisms underlying epithelial
folding in development (Leptin, 1999).
Synchronous and continuous apical
constriction of epithelial cells, driven by
apurse-string-like contraction of a cortical
actin-myosin ring underlying apical
